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Objective To investigate the characteristics of foot deformities in patients with Charcot-Marie-Tooth (CMT) 
disease compared with normal persons according to severity of disease. 

Method Sixty-two patients with CMT disease were recruited for this study. The normal control group was 
composed of 28 healthy people without any foot deformity. Patients were classified into a mild group and a 
moderate group according to the CMT neuropathy score. Ten typical radiological angles representing foot 
deformities such as pes equinus and pes varus were measured. The CMT group angles were compared with those 
of the normal control group, and those of the mild group were also compared with those of the moderate group. 
Results The lateral (Lat.) talo -first metatarsal angle, anteroposterior talo -first metatarsal angle, Lat. calcaneal-first 
metatarsal angle, Lat. naviocuboid overlap, Lat. calcaneal pitch, Lat. tibiocalcaneal angle, and Lat. talocalcaneal 
angle in the CMT group showed a significant difference compared to the normal control group (p<0.05). These 
findings revealed CMT patients have pes cavus, forefoot adduction, midfoot supination and pes varus deformity. 
Compared to the mild group, the moderate group significantly showed an increased Lat. calcaneal pitch and 
decreased Lat. calcaneal-first metatarsal angle, Lat. tibiocalcaneal angle, Lat. talocalcaneal angle, and Lat. talo- 
first metatarsal angle (p<0.05). These findings revealed that the pes cavus deformity of CMT patients tend to be 
worse with disease severity. 

Conclusion The characteristic equinovarus foot deformity patterns in CMT patients were revealed and these 
deformities tended to be worse with disease severity. Radiographic measures may be useful for the investigation of 
foot deformities in CMT patients. 
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INTRODUCTION 

Charcot-Marie-Tooth disease (CMT) is known to be 
a hereditary motor sensory neuropathy or progressive 
peroneal muscular atrophy since Charcot, Marie and 
Tooth made the first report on 10 patients whose chief 
complaints were peroneal muscular atrophy in 1886. Its 
causes and pathophysiological mechanism have been 
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multilaterally researched so far 1 5 but are still not clear. 6 
This disease is autosomalfy, dominantly inherited and 
a kind of peripheral neuropathy that causes progressive 
and symmetric motor and sensory disturbance in lower 
limbs, in which occurrence is focused on the lower limbs. 
Clinically, it is characterized by paresthesia and muscle 
atrophy that develops from the periphery of hands and 
feet and gradually spreads to the proximal region. It is 
known that the severity of such symptoms is influenced 
by the degree of axonal degeneration. 7 ' 8 However, the 
natural clinical progress of CMT is not fully known. 

Most patients with CMT complain of pains, muscle 
weakness and deformities. 9 In particular, pes cavus and 
pes varus comprise the highest proportion of foot defor- 
mities. 10 Such deformities cause abnormal gait, and in 
serious cases patients may lose the ability to walk. In 
addition, common shoes may not be suitable for pa- 
tients, which may give rise to pains. With regards to the 
mechanism of foot deformities, various hypotheses 
have been suggested, but atrophy and imbalance of foot 
intrinsic muscles have been known to be the primary 
cause. 11 ' 12 Many previous studies have investigated the 
characteristics of foot deformities in patients with CMT 
compared to the normal control group, 13 ' 14 but there has 
been no study on the correlation between foot deformity 
and disease progress or severity. 

Therefore, in this study, radiography was performed on 
the feet of 62 patients with CMT in a standing posture, 
and an analysis of the severity of foot deformities was 
performed. A control group was applied to this study 
to determine the characteristics of foot deformities. In 
addition, the CMT neuropathy score (CMT-NS) was 
analyzed and compared with the severity of foot defor- 
mities for the same purpose. 

MATERIALS AND METHODS 

Subjects 

This study was conducted on 62 patients aged 18 
and older who were able to walk independently and 
were definitely diagnosed with CMT on the authority 
of physical examinations, family history research, 
electromyography (EMG) and molecular genetic tests. 
Patients who did not want to take part or had difficulty 
maintaining the standing posture were excluded from 
this study. Subjects included 30 men and 32 women. They 



consisted of 37 type 1 patients, 11 type 2 patients and 14 
type X patients. Their average age was 35.27. All of the 62 
subjects were classified into 2 groups in accordance with 
the CMT-NS and the standard of Shy. 15 The 34 patients 
who scored 10 points and less were classified as the 
mild group and the other 28 who scored more than 11 
points were classified as the moderate group. In relation 
to age, gender and subtypes, there were no significant 
intergroup differences. In the CMT-NS, the mild group 
and the moderate group scored average 7.5 and 18.4 
points, respectively. For the functional disability score 
(FDS), 16 the mild group and the moderate group scored 
an average of 1.1 and 3.4, respectively. Statistically, the 
moderate group got higher grades on CMT-NS and FDS 
in comparison with the mild group (p<0.05). The control 
group was composed of 28 normal adults aged between 
20 and 60. In relation to age and gender, there were no 
significant differences between the experimental and 
control group (Table 1). 

Methods 

In all the groups, sensory and motor symptoms were 
observed and physical examinations, including limb sen- 
sation and muscle power, were performed. CMT-NS was 
calculated by the measurement of the compound motor 
action potential and sensory action potential in the 
ulnar nerve. CMT-NS was criteria to analyze the clinical 
progress of CMT and the therapeutic effect, which was 
based on the total neuropathy score (TNS) 17 that has been 
used for diabetic neuropathy and toxic neuropathy. CMT- 
NS reflected the severity of CMT well and its reliability 
and validity has been proved. 



Table 1. Characteristics of Subjects in This Study 





Normal 
control 
(n=28) 


Patients group (n=62) 




Mild 
group 
(n=34) 


Moderate 
group (n=28) 


Age (years) 


30.9±2.6 


32.7±8.7 


37.9±5.6 


Sex (female : male) 


16: 12 


20: 14 


10: 18 


Subtype (1 : 2 : X) 




22 : 4 : 8 


15:7:6 


Neuropathic score 




7.5±1.7 


18.4±7.5* 


Functional 




1.1±0.7 


3.4±1.6* 


disability score 









Values are mean±standard deviation 
*p-value<0.05 
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(1) Lateral talo-first metatarsal angle (2) Metatarsal stacking angle 



(3) Anteroposterior talo-first 

metatarsal angle 
(5) Naviculocuboid overlap 
(7) Medial-lateral column ratio 
(9) Tibiocalcaneal angle 



(4) Lateral calcaneal -first metatarsal angle 
(6) Talonavicular coverage angle 
(8) Calcaneal pitch 
(10) Talocalcaneal angle 



Fig. 1. Measurement of radiolological angle through weight bearing radiograph of the foot. 



Anteroposterior and lateral-view plain radiography was 
performed on the feet of all the subjects in a standing 
posture, and 10 radiologic indexes related to forefoot, 
midfoot and hindfoot deformities were calculated (Fig. 1). 
In the 10 radiologic indexes, the lateral (Lat.) talo-first 
metatarsal angle, the metatarsal stacking angle, the ante- 
roposterior (AP) talo-first metatarsal angle 18 and the Lat. 
naviculocuboid overlap reflect the severity of forefoot 
deformity. The Lat. calcaneal-first metatarsal angle, the 
AP talonavicular coverage and the Lat. medial-lateral 
column ratio reflect the severity of midfoot deformity. 
The Lat. calcaneal pitch, the Lat. tibiocalcaneal angle 
and the Lat. talocalcaneal angle reflect the severity of 
hindfoot deformity. 

The Lat. talo-first metatarsal angle decreases in pro- 
portion to the severity of cavus deformity in the forefoot, 
which was defined as the angle between the longitudinal 
midline of the talus and that of the first metatarsal bone. 
The metatarsal stacking angle increases in proportion to 
the severity of supination deformity in the forefoot. The 
plantar region of the first metatarsal head, the base and the 
plantar region of the fifth metatarsal bone were referred 
to as % 'B' and 'C respectively, for which the included 
angle was measured. The AP talo-first metatarsal angle 
decreased in proportion to the severity of adduction 
deformity in the forefoot, which was defined as the angle 
between the longitudinal midline of the first metatarsal 



bone and of the talus. 

The Lat. calcaneal-first metatarsal angle 18 decreased in 
proportion to the severity of cavus deformity in the mid- 
foot. A hypothetical line was drawn from the front most 
protrusion of the calcaneus and the calcaneal tuberosity 
in the proximal region of calcaneocuboid articular sur- 
face, and an extension line was drawn from the first 
metatarsal midline, from which the included angle was 
measured. The Lat. naviculocuboid overlap was in inverse 
proportion to supination in the midfoot. The upper edge 
of the cuboid and its lower edge were referred to as 'a' 
and 'b' respectively, and the lower edge of the navicula 
was referred to as 'c'. The ratio of the distance between 
'a' and 'c' and that between 'a' and 'b' was scored on a 
percentage basis. The AP talonavicular coverage was in 
proportion to the severity of abduction in the midfoot. 
The medial part of the talar articular surface and its 
lateral part were referred to as 'a' and 'bj respectively, and 
those of navicular articular surface were referred to as 'c' 
and 'd,' respectively. Then, two vertical lines were referred 
to as 'A' and 'B' respectively, from which the included 
angle was measured. In the case of the Lat. medial-lateral 
column ratio, the more elevated the medial column 
became compared to the lateral one, the higher the ratio 
became. A hypothetical line drawn from the distal region 
of the first metatarsal bone to the posterior region of 
the talus was referred to as the medial column, and that 
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from the distal region of the fifth metatarsal bone to the 
posterior region of the calcaneus was referred to as the 
lateral column, from which the medial-lateral column 
ratio was calculated. 

In the case of the Lat. calcaneal pitch, its rise implies 
that cavus deformity in the hindfoot progresses. It was 
calculated by the measurement of the angle between a 
hypothetical line, drawn from the greatest protrusion of 
the calcaneus in the proximal region of calcaneocuboid 
articular surface to the lowest plantar region of the 
calcaneal tuberosity, 19 and an extension line drawn from 
the plantar soft tissue so that it could be parallel with the 
floor. In a similar way, the Lat. tibiocalcaneal angle was to 
show the severity of the cavus deformity in the hindfoot, 
which was inversely proportional to the severity of the 
cavus deformity. The angle between a hypothetical line 
was used to calculate this measurement, drawn from 
the greatest protrusion of the calcaneus in the proximal 
region of the calcaneocuboid joint to the lowest plantar 
region of the calcaneal tuberosity, 19 and a line from 
anatomical axis of the tibia. The Lat. talocalcaneal an- 
gle reflects the severity of the varus deformity in the 
hindfoot, which is inversely proportional to the severity 
of the varus deformity in the hindfoot. The angle bet- 
ween a hypothetical line was used to calculate this mea- 
surement, drawn from the greatest protrusion of the 
calcaneus in the proximal region of the calcaneocuboid 



joint to the calcaneal tuberosity, and a line from ana- 
tomical axis of the talus. 

Plain radiography was performed on the feet of patients 
with CMT, from whom 10 radiologic indexes were ana- 
lyzed. With regard to the results, a comparison was made 
between experimental groups and the control group, 
through which the characteristics in the foot deformities 
of patients with CMT were investigated. The severity of 
patients with CMT was classified into the mild group and 
the moderate group, on the basis of CMT-NS. In addition, 
10 radiologic indexes were analyzed in the control group 
in the same way, in which intergroup comparisons and 
analyses were made. Taken altogether, the correlation 
between foot deformity and disease severity was inves- 
tigated. 

Statistical analysis 

Data was statistically analyzed using the program SAS 
13.0 (SPSS Inc., Chicago, USA). The radiologic indexes 
of the experimental and control group were analyzed 
by the student t-test, and comparisons were made by 
the ANOVA test. Intergroup comparisons were made by 
Turkey's-b test. The significance level was defined as a 
p-value of less than 0.05. 



Table 2. Comparison of Radiologic Parameters of Ankle and Foot between Patient Subgroups and the Normal Control 
Group 





Control group 
(n=28) 


CMT group 
(n=62) 


Mild group 
(n=34) 


Moderate group 
(n=28) 


Lat. talo-first metatarsal angle 


28.8±6.3 


7.5±9.9* 


11.015.9* 


5.413.7* 


AP talo-first metatarsal angle 


16.9±11.5 


14.1±9.5* 


11.618.0 


10.317.1* 


Metatarsal stacking angle 


19.6±4.3 


22.9±13.8 


21.3112.6 


25.0116.5 


Lat. calcaneal- 1st metatarsal angle 


136.6±5.9 


117.7110.6* 


119.916.9* 


108.814.7*' + 


Lat. navio cuboid overlap 


0.4±0.1 


0.310.2* 


0.210.1* 


0.310.2*' + 


AP talonaviclar coverage 


21.5±8.7 


18.8±13.4 


14.914.5 


18.5115.3 


Lat. medial-lateral column ratio 


1.0±0.0 


1.0±0.1 


1.010.1 


1.010.1 


Lat. calcaneal pitch 


19.015.0 


30.318.1* 


29.016.0* 


36.117.2*' + 


Lat. tibiocalcaneal angle 


67.9±7.0 


51.0112.9* 


55.618.1* 


39.917.0*' + 


Lat. talocalcaneal angle 


49.816.1 


25.0117.7* 


31.3110.9* 


9.117.8*' + 



Values are meanlstandard deviation 

p-values were calculated by ANOVA with post-hoc Tukey's-b test 
CMT: Charcot Marie Tooth disease, Lat.: Lateral 
*p<0.05 vs. normal control group; + p<0.05 vs. mild group 
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RESULTS 

Foot deformity in charcot-marie-tooth disease 

Forefoot deformity: The Lat. talo-first metatarsal angle 
of experimental groups was 7.5 degrees on average, 
which was significantly narrower than that of the control 
group (28.8 degrees). Thus, experimental groups showed 
a higher incidence rate of cavus deformity in the forefoot. 
In experimental groups, the AP talo-first metatarsal an- 
gle averaged 14.1 degrees. It was significantly narrower 
compared to that of the control group (16.9 degrees). 
Experimental groups showed a higher incidence rate of 
adduction deformity in the forefoot in comparison with 
the control group (p<0.05). However, in the metatarsal 
stacking angle, which was an index for supination defor- 
mity in the forefoot, there was no significant intergroup 
difference (Table 2). 

Midfoot deformity: The Lat. calcaneal-first metatarsal 
angle was 117.7 degrees on average in experimental 
groups, which was significantly narrower than that of the 
control group (136.6 degrees). Thus, experimental groups 
showed a higher incidence rate of cavus deformity in the 
midfoot. The Lat. naviculo cuboid overlap was 0.3 degree 
in experimental groups, which was significantly narrower 
than that of the control group (0.4 degree). Patients 
showed a higher incidence rate of supination deformity 
in the midfoot (p<0.05). In the AP talonavicular coverage 
and Lat. medial-lateral column ratio, however, there was 
no significant intergroup difference (Table 2). 

Hindfoot deformity: The Lat. calcaneal pitch was 30.3 
degrees on average in experimental groups, which was 
significantly wider than that of the control group (19.0 
degrees) and the Lat. tibiocalcaneal angle was 51.0 
degrees on average in experimental groups, which was 
significantly narrower than that of the control group 
(67.9 degrees). Experimental groups showed a higher 
incidence rate of cavus deformity in the hindfoot (p< 
0.05). The Lat. talocalcaneal angle was 25.0 degrees in 
experimental groups, but that of the control group was 
50.0 degrees. The incidence rate of varus deformity in the 
hindfoot was significantly higher in experimental groups 
(p<0.05) (Table 2). 

Correlation between foot deformity and disease severity 

Forefoot deformity: The Lat. talo-first metatarsal angle 
was significantly narrower in both the mild group and 



moderate group in comparison to the control group (p< 
0.05). The moderate group averaged 5.4 degrees, while 
the mild group averaged 11.0 degrees, but this was not 
statistically significant. In the AP talo-first metatarsal 
angle, there was no significant difference between the 
mild group and the control group. However, it was 
significantly narrower in the moderate group (10.3 deg- 
rees) compared to the control group (16.9 degrees) (p< 
0.05). In addition, in the metatarsal stacking angle, there 
was no significant difference among the three groups 
(Table 2). 

Midfoot deformity: The Lat. calcaneal-first metatarsal 
angle was significantly narrower in experimental groups 
than in the control group. In particular, the moderate 
group showed a narrower angle (108.8 degrees) compared 
to the mild group (119.9 degrees), which was statistically 
significant (p<0.05). The Lat. naviculo cuboid overlap was 
significantly narrower in experimental groups than in the 
control group (p<0.05). In the AP talonavicular coverage 
and the Lat. medial-lateral column ratio, significant 
intergroup differences were not observed (Table 2). 

Hindfoot deformity: The Lat. calcaneal pitch was signi- 
ficantly wider in experimental groups than in the con- 
trol group. In particular, the moderate group showed 
a narrower angle (26.1 degrees) compared to the mild 
group (29.0 degrees) (p<0.05). The Lat. tibiocalcaneal 
angle was significantly narrower in experimental groups 
than in the control group. The moderate group and the 
mild group showed 39.9 and 55.6 degrees, respectively, 
whereas the moderate group showed a narrower angle 
compared to the mild group (p<0.05). In the case of the 
Lat. talocalcaneal angle, the two experimental groups 
showed significantly narrower angles as compared to 
the control group. In experimental groups, the moderate 
group showed a statistically narrower angle (9.1 degrees) 
compared to the mild group (31.3 degrees) (p<0.05) (Table 
2). 

DISCUSSION 

As shown above, CMT causes cavus deformity in the 
forefoot, midfoot and hindfoot. This result was consistent 
with previous studies in which macroscopic observations 
of pes cavus deformities 18 20 of patients with CMT were 
performed. However, few studies have dealt with foot 
deformities using objective radiographic indexes. Aktas 
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and Sussman performed plain radiography on 26 
patients with CMT and measured their Lat. tibiocalcaneal 
angles and Lat. talo-first metatarsal angles, reporting 
that forefoot and hindfoot deformities were observed 
unlike normal. Chan et al. 14 measured the Lat. talo- 
first metatarsal angle, Lat. calcaneal-first metatarsal 
angles and Lat. calcaneal pitches and reported pes cavus 
deformity in the forefoot, midfoot and hindfoot. The 
results of this study, based on radiographic indexes, were 
consistent with those of the previous studies based on 
plain radiography. 

In this study, the moderate group showed a higher se- 
verity of pes cavus caused by midfoot and hindfoot 
deformities, in comparison with the mild group, which 
implies that pes cavus became more severe as the CMT 
progressed. One issue is that there has been no further 
study based on radiographic indexes or no previous 
study that has dealt with the correlation between 
deformity and disease severity, and thus it is difficult to 
compare results. Sabir and Lyttle 19 made macroscopic 
observations of patients with CMT aged between 4 and 
59 and reported that pes cavus comprised the highest 
proportion of foot deformities and that these defor- 
mities progressed. With regards to the mechanism and 
progress of pes cavus, Sabir and Lyttle 19 maintained that 
denervation would develop from the distal region to the 
proximal region. Specifically, it began in the intrinsic 
muscles of the feet, and then progressed into the flexor 
digitorum longus, the flexor digitorum brevis, the exten- 
sor hallucis longus and the extensor hallucis brevis in the 
order named, by extension, into the peroneal muscle, the 
extensor digitorum longus, the tibialis posterior and the 
tibialis anterior. According to their report, in the initial 
stage, denervation occured in the intrinsic muscles of the 
feet and the metatarsophalangeal joint was excessively 
extended as the extensor digitorum longus applied 
extensive force, and as a result functioned as a windlass 
and so the longitudinal arch became higher. Then, small 
muscles in the plantar region atrophied and accelerated 
pes cavus. Contrary to Sabir and Lyttle, 19 Mann and Missi- 
rian 12 ' 21 represented that intermuscular imbalance was 
the cause. In adult patients with CMT, they observed the 
anterior muscles of lower limbs became weak but the 
posterior muscles of lower limbs were similar in force 
to normal muscles, and the peroneus longus muscle 
was strong but peroneus brevis muscle was atrophied. 



In addition, the peroneus longus muscle was stronger 
relative to the anterior tibial muscle and the posterior 
tibial muscle was stronger relative to peroneus brevis 
muscle. Likewise, Tynan et al. 22 performed MRI scans 
and reported intermuscular morphological imbalance. 
Additionally, they maintained that plantar flexion occurs 
in the first ray due to the peroneus longus muscle, which 
is stronger than the anterior tibial muscle, and con- 
sequently caused cavus deformity in the forefoot. In 
addition, small muscles in the plantar region atrophied 
and the ensuing contracture of the plantar fascia accele- 
rated the pes cavus. However, there controversy about the 
two hypotheses still exists, and prospective studies have 
not been conducted to date. 

In this study, the mild group and the moderate group 
showed significant differences in midfoot and hindfoot 
deformities, which means the pes cavus became more 
severe as the CMT progressed. However, intergroup 
differences were not observed in relation to the cavus 
deformity in the forefoot. Thus, pes cavus in the forefoot 
develops early on and becomes more severe or is main- 
tained with time. 23 

In this study, the mild group did not show significant 
changes in connection with adduction deformity in the 
forefoot, but the moderate group showed significant 
adduction deformity compared to the control group. 
These results were consistent with those of previous 
studies, showing that in the early stages of foot deformity, 
atrophy occurred in the intrinsic muscles of the feet, 
and progressed in the muscles of the lower limbs. In this 
case, the peroneus brevis muscle atrophied faster than 
the posterior tibial muscle, and intermuscular imbalance 
and adduction deformity in the forefoot occurred. 19 

The results of this study showed that varus deformity 
in the hindfoot increased in the experimental groups 
compared to the control group and became more severe 
as the disease progressed. Likewise, supination deformity 
in the midfoot showed the same phenomena. In relation 
to the severity of supination deformity in the forefoot, 
experimental groups did not show significant differences 
compared to the control group. In this regard, Mann and 
Missirain 21 and Jacobs and Carr et al. 11 reported that varus 
deformity occurred as the posterior tibial muscle and the 
flexor digitorum longus muscle were stronger relative to 
the peroneus brevis muscle. Sabir and Lyttle 19 showed 
that varus deformity in the hindfoot occurred as the 
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subtalar joint was deformed when pes cavus progressed. 
Hallgrimsson 24 and McCluskey et al. 25 reported that va- 
rus in the hindfoot was to counteract the supination of 
the first ray in the forefoot during the stance phase. In 
this study, varus in the hindfoot and supination in the 
midfoot increased, but in relation to supination in the 
forefoot, significant differences were not observed. Since 
adduction in the forefoot occurred after the disease 
progressed, the hypothesis of intermuscular imbalance 
was considered to be more persuasive than the hypothe- 
sis that varus in the hindfoot counteracts forefoot defor- 
mity. 16 ' 26 

To evaluate foot deformities, physical examinations, 
plain radiography, motion analysis and foot printing are 
used. In the case of motion analysis, motion markers 
are used and it is convenient to analyze the motions of 
lower limbs, but it is difficult to observe foot deformities, 
which also can be a financial burden. Plain radiography 
has been widely used to observe foot deformities in 
many studies because it is convenient. Sala et al. 27 and 
Rathjen and Mubarak 28 performed plain radiography 
and measured radiological angles while observing foot 
deformities and their clinical progress. Radiography 
may be used in this way to comparatively analyze foot 
deformities and clinical progress. Foot deformities are 
greatly affected when it bears up body weight, and thus it 
is better to perform radiography when the patient is in a 
standing posture. 29 In this study, all the subjects were in a 
standing posture while being radiographed. 

This study was conducted on a comparatively large 
number of patients with CMT, and an investigation was 
made into the correlation between deformity and dise- 
ase severity. However, it may be difficult to conduct 
prospective long-term follow-ups, and therefore this 
study could not show foot deformity according to disease 
progress. Moreover, it could not deal with the claw toe, 
a common foot deformity of patients with CMT. In this 
connection, there is a need to conduct a prospective 
long-term study so that such drawbacks may be reme- 
died. 

CONCLUSION 

In this study, radiography was performed on the feet 
of 62 patients with CMT in a standing posture, and the 
deformities of their feet were investigated. In addition, 



the correlation between deformity and disease severity 
in accordance with CMT-NS was analyzed. The results 
showed that pes cavus, forefoot adduction, midfoot supi- 
nation and hindfoot varus occur in patients with CMT, 
and that such deformities became more severe as the 
disease progressed. This study was expected to be helpful 
to determine the correlation between deformity and 
disease severity, as well as to treat such deformities. In 
the event that follow-ups are conducted, the deformities 
may be analyzed more systematically. 
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